Water crystallization within rat precision-cut liver slices in relation to their viability.
This study examined whether tissue vitrification, promoted by partitioning within the tissue, could be the mechanism explaining the high viability of rat liver slices, rapidly frozen after preincubation with 18% Me2SO or VS4 (a 7.5 M mixture of Me2SO, 1,2-propanediol, and formamide with weight ratio 21.5:15:2.4). To achieve this, we first determined the extent to which crystallization or vitrification occurred in cryoprotectant solutions (Me2SO and VS4) and within liver slices impregnated with these solutions. Second, we determined how these events were related to survival of slices after thawing. Water crystallization was evaluated by differential scanning calorimetry and viability was determined by histomorphological examination of the slices after culturing at 37 degrees C for 4 h. VS4-preincubated liver slices indeed behaved differently from bulk VS4 solution, because, when vitrified, they had a lower tendency to devitrify. Vitrified VS4-preincubated slices that were warmed sufficiently rapid to prevent devitrification had a high viability. When VS4 was diluted (to 75%) or if warming was not fast enough to prevent ice formation, slices had a low viability. With 45% Me2SO, low viability of cryopreserved slices was caused by cryoprotectant toxicity. Surprisingly, liver slices preincubated with 18% Me2SO or 50% VS4 had a high viability despite the formation of ice within the slice. In conclusion, tissue vitrification provides a mechanism that explains the high viability of VS4-preincubated slices after ultrarapid freezing and thawing (>800 degrees C/min). Slices that are preincubated with moderately concentrated cryoprotectant solutions (18% Me2SO, 50% VS4) and cooled rapidly (100 degrees C/min) survive cryopreservation despite the formation of ice crystals within the slice.